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Abstract. Cartography was replaced by Gl sciences with consequences for 
the quality of geo data visualisation. Especially in the commercial sector 
quality issues arise through missing ability of quality assessment for many 
reasons. 
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1. Introduction 

Today anyone should be able to create maps by themselves without profes- 
sional mapping skills, experience and expense. The consumer should at the 
same time be the producer, making him a "prosumer" (Toffler 1981 273f). 
All topics related to that objective, such as interoperability of spatial data, 
web mapping 2.0 and web GIS services are therefore important and popular 
topics within the geo-community. This process of transformation of the 
cartographic business driven by advancements in information technology 
and commercial interests has led to an important consequence: digital 
maps for location- based services and navigation, as well as user-generated 
maps or mashups including user- generated content have become an inte- 
grated part of the digital life of our modern digital human society. This de- 
velopment has affected commercial cartographers, their business and the 
value and quality of maps and data. On the one hand, a large active com- 
munity of prosumers is useful to generate data quickly and for free, e.g. for 
crisis mapping. On the other hand, these prosumers are mostly non- 
professionals having no knowledge of cartographic rules (Hoffmann 
201176f). If anyone is able to visualise data and make maps, the services of 
an expert become valueless. Nevertheless, experts create better maps and 
know how to handle data. 



From history we know how technology has constantly changed many pro- 
fessions. Cartography has also changed over time, but remained a scientific 
and engineering profession requiring a great deal of expertise. J ust as the 
weaver, the scribe and the crossing keeper were made more or less unnec- 
essary by technology, the developments in computer cartography devalue 
many areas of the profession. The high implementation of cartographic 
products into the daily life of people that we see today was bought at the 
price of a devaluation and despecialisation of cartography. Like some ex- 
tinct professions of the past, cartography has already died and was replaced 
by geographic information science (Gl science) and a free-for-all/ all-for- 
free visualisation discipline. 



2. Expertise 
2.1. Prelude 

Even before the era of web mapping 2.0 cartographic products were gradu- 
ally turning into products of minimal value. In the beginning, maps were 
unique items, extremely valuable and an immense store of knowledge that 
served to understand relationships, to plan operations and, of course, to 
navigate. They were always regarded to be an aesthetical and work of art. 
Before the i ndustri al i sati on, cartographers were mostl y pol ymaths I i ke Ger- 
hard Mercator, Claudius Ptolemy and Leonardo da Vinci. Some collected 
their own geographic data by surveying, making them experts on the topic 
they visualised. All stages of the cartographic process, the data processing 
and visualisation lay in their hands (Figure 1). 

With the development of low-cost printing technologies for the reproduc- 
tion of maps they became more common and affordable for more people. 
Nevertheless, the data collecting and visualisation of maps remained a 
time-consuming process to be carried out by experts and therefore re- 
mained relatively expensive. Updates were only carried out by the publish- 
ers when it was absolutely necessary to be able to compete on the market. 
As an example, the Andrees Allgemeiner Handatlas by Velhagen & Klasing 
was only revised about every six years between 188 land 1937. 

Thematic cartography has become increasingly important since the 18 th 
century (Dipper & Schneider 2006: Bf), geographic data and geometry were 
degraded to auxiliary data regarded just as basic reference and a mere con- 
tainer for thematic data. Before commercial printed maps became devalu- 
ated by free onl i ne servi ce provi ders, the advent of computer cartography at 
the end of the 20 th century radically changed the conditions of map produc- 
tion. As part of a more efficient division of labour and to produce more fa- 



vourable products, many publishers outsourced the mass creation of auxil- 
iary data to low-wage countries and quality issues have arisen. Only the 
revision and final visualizing was still done by cartographers permanently 
employed by publishing houses. Later even traditional publishers of cartog- 
raphy products do outsource the complete visualisation process and get rid 
of al I thei r cartography capaciti es for cost reasons. 

Publishers of historical atlases e.g. appointed editors to collect the thematic 
data and to supervise the visualisation work done by the cartographers. 
This lead to a fateful separation between those having the expertise neces- 
sary for visualisation and those having the thematic expertise of the data to 
be visualised (Figure]). 




Figure L Cartographic process at cartographic publishing houses 

This process was flanked by the development of semi and fully automated 
visualisation methods, opening the last remaining domain of traditional 
cartographers, the cartographic visualisation, to non-experts. According to 
Schweikart & Kistemann (2013:8) thematic maps are increasingly generat- 
ed by visualisation amateurs using Gl systems allowing a particularly easy 
generation of choropleth maps. However, due to inadequate cartographic 
communication, even properly collected thematic data can lead to misinter- 
pretations. The use of a specialized Gl system for merging thematic and 
auxiliary data is still a challenge. Driven by commercialised location based 
services, web mapping 2.0 service providers allow prosumers to automati- 
cally visualize their own thematic data with the help of the auxiliary data 
provided by such services. Since this visualisation needs to be a simplified 
process with a low level of possibilities to be influenced by the prosumer, it 
can hardly be referred to as "cartography". 

2.2. Consequences 

Supported by beginner-friendly visualisation tools, non-experts and ama- 
teurs are able to produce cartographic visualisations. The products can be 
created either for free or for little money. As a logical and economic conse- 



quence, well-paid experts become entirely unnecessary since one of the 
most important areas of expertise of traditional cartography lost its value. 
The cartographic community reacted and conformed to the new situation. 
Visualisation of geo data remains a part of the discipline but the focus was 
shifted to more profitable remaining areas of expertise like data analysis 
and management. Si nee nobody wants to study a low- wage non-expert pro- 
fession or be in any ways connected to it, what was before called "cartog- 
raphy" was relabeled to superficial modern terms like Gl science, geomatics 
or geomedi a engineering. Except the Dresden University of Technology, no 
other German university offers a postgraduate academic master's or di- 
ploma degree involving the term "cartography" in 2013. There are only ap- 
prenticeships and undergraduate academic degrees featuring the term. 
Originally a holistic profession, cartography was technically reduced to a 
drawing craft, similar to the profession of a graphic artist. It is precisely this 
group that is increasingly hired as map makers. 

Moreover, the human resources needed for correcting are often omitted. 
There are reasons for this: maps are a commercial product that needs to be 
produced at a reasonable cost, there is a downward spiral of prices for geo- 
graphic products. Quality assurance is an expensive commodity making the 
production process more costly. Si nee cartographers are degraded to simple 
technicians of visualisation for extremely heterogeneous topics instead of 
being responsible for the whole process of map making, they cannot be fa- 
miliar with any topic alike and are not able to acquire sufficient experience 
for assessing the quality of the data for all these topics (Schulte 
20 11). However, thematic expertise is the key for identifying errors in data 
or avoiding thematically improper visualisations. Particularly in commer- 
cial products, errors are commonly accepted as long as they do not impede 
the sale. Various initiatives showed that no publisher is interested in pro- 
fessionals offering free quality assurance services to them. Although pub- 
lishers may be grateful if errors are pointed out to them to be corrected in 
later editions, the correction and quality assurance of the new edition is 
again in exclusive responsibility of those who did not recognize the previous 
mistakes. Publishers fear complex review processes, thereby delay of pro- 
duction and too many accomplices who could reveal details of the upcoming 
product to competitors. This factors created massive reliability, quality and 
accuracy issues. 



3. Examples of Administrative Boundaries 

For many map authors, administrative boundaries usually play a minor role 
in quality management in contrast to numerical data. Although they are not 



verified, they are considered stable or generally correct. But it is especially 
this kind of data that has a variety of pitfalls revealing the massive issues of 
quality assessment and misuse of geo data and references. It is also inter- 
esting how superficial mental maps often are, even if they were developed 
by geo- experts, government agencies or the press. The following examples 
are not si ngl e cases but a general phenomenon. 

3.1. The Eastern German States Boundary Problem 

If there was a cartographic representation you might expect most citizens of 
the Federal Republic of Germany to be familiar with in detail, it would be 
the first- level administrative units of Germany, the federal states. They are 
the most prominent geographic geometry due to their occurrence in all me- 
dia and most of the thematic fields. Weather forecast, newspaper articles, 
navigation through websites and many other pieces of information are very 
often vi sual i sed i n rel ati on to thi s geometri es. 




Figure 2. M ap of Germany showing changes of the federal state boundaries since 
1949 in red, current boundaries in black. 

Figure 3. Commemorative stamp of 1997 showing Brandenburg as of 1990 to 1993 
(Schnadt 1998). 

Figure 4. Newspaper overview map showing the 1952 boundaries used until today 
(Berliner Morgenpost 2007). 



Whereas the boundaries of the West German states are visualised invariably 
correct, the cartographic misrepresentation mentioned above occurs when 
it comes to the federal states in the area of the former German Democratic 
Republic (GDR). Although the eastern states exist since 1990, misrepresen- 
tations of the boundaries occur on a regularly basis. There were no geomet- 
rical changes of the boundaries of the Western states since 1949 that could 
be visualised on small scales. Neither the merger of three states into Baden- 
Wurttemberg in 1952, nor the reunion with the Saarland in 1957 or the re- 
turn of small territories occupied by Belgium, Luxembourg and the Nether- 
land after the Second World War between 1958 and 1963 created any signif- 
icant changes. 

Although the Eastern states were established in the Soviet zone in 1945, 
they were subject to minor changes in 1950 that are clearly recognisable in 
small scales. In 1952, they were completely replaced by ahistorical central 
governmental districts of the GDR during the massive socialist reorganisa- 
tion and modification down to the lowest administrative levels. When the 
Eastern states were re-established during the reunification in 1990, they 
were no longer based on the boundaries of 1950/52, but on the grouping of 
the third-level administration units modified during the socialist era to a 
similar geographical extend. In order to increase the similarity to the histor- 
ical boundaries, several smaller territorial changes of forth-level admin- 
istration units were carried out in 1992 and 1993. There are major differ- 
ences between the geometric shapes of the 1950, 1990 and the current 
boundaries (Figure2). These differences are clearly visible even in smallest 
scales. As an example the map of the state of Brandenburg on an official 
stamp was modified in 1993. In 1997, a commemorative stamp (Figure3) 
again used the outdated geometries of 1990 to 1992 (Schnadt 1998). There- 
fore, most misinterpretations are not "wrong" but just show absolutely out- 
dated boundaries. 

It is certainly possible to say that this are only small errors in a degree of 
detail most consumers do not need to be familiar with and which do not 
affect the information functionality. This is acceptable in the most cases. 
However, if a country publishes misrepresented maps of its own borders, 
questions about the usage of data, the producers' scrupulousness and quali- 
ty control do arise. 

The misrepresentation of the German federals states is so common in pre- 
sent references that the creation of a list of publications does not make any 
sense. You can expect to find such misrepresentations anywhere. For refer- 
ence, some examples: 



• Newspapers and magazines: Berliner Kurier (2010), Berliner Morgen- 
post (2007:3) (Figure4), Die Welt (2009), Frankfurter AllgemeineZei- 
tung(2009), Der Spiegel (2009), Focus (2008:166) 

• Public authorities: Ministry of Defence (BMVg 2011) (Figure5), Minis- 
try of Transport, Building and Urban Development (BMVBS 
2000), Berlin Senate Department for Urban Development (SenStadt 
2007), Statistical Office for Berlin-Brandenburg (AfS 2009:1) (Figure7) 

• Companies: Deutsche Post (DP 1997) (Figure3), Deutsche Bahn (DB 
2011) 

• Geo-Experts: German Association of Surveyors (VDV 2007) (Figure6), 
German Cartographic Society (DGfK 2005:237) 

• Commercial Publishers: Klett (2010:270), RTL Disney (2007) (Fig- 
ures), National Geographic (2004), ADAC (2013:18) 




Figure 5. Cover map of a brochure of the Ministry of Defence showing 1952 
boundaries (BMVg 2011). 

Figure 6. Title map created shortly after the reunification. M ind the much differ- 
ent degree of generalisation of the eastern states showing the 1950 boundaries 
compared to the Western states (VDV 1991/ 2007). 

The examples are drawn from major German newspapers, public admin- 
istrations, rail and postal companies, large and small internet sites, educa- 
tional institutions and even geo scientists. These map producers are experts 
and they are major information sources for the public. Despite there have 



not been any significant modifications for 20 years and 63 years have 
passed si nee the 1950 boundaries were in place, map authors still are "able" 
to access this data for reference. There is one possible explanation for this: 
the recreation of the Eastern states took place when computer- cartography 
was about to start. At this time, digital data was much needed but hardly 
accessible. It might be the case that just one distributor missed the new 
geometries in 1990, used the 1950 boundaries instead, and created the base 
for others who were unable to assess the quality and simply took over the 
representation, thus starting a downward spiral. The misrepresentation 
cannot be explained by incorrect or excessive generalisation, but solely by 
the misuse of basic data. As it is so widespread, there is only one general 
explanation: the geometric shape of the most common geographic repre- 
sentation is not part of a detailed mental map of most map authors. It also 
allows us to draw conclusions on the underlying data bases, the workflow of 
creating maps and the handling of basic data. Basic data seems to be ac- 
quired from unqualified web or local sources, despite free-date data that 
can be accessed easily at Wikipedia e.g. and it seems that qualified proof 
readers are not consulted. The change of cartographic production condi- 
tions mentioned before may also have contri buted to this situation. Accord- 
ing to the Staff Office for Public Relations of the Ministry of Defence the 
map used in Figure 4 based on geometries provided by the Bundeswehr 
Geoinformation Office (AGeoBw) in 1994 for the white paper which de- 
scribe the first time the security situation of theunited Germany. Si nee then 
the 1950 boundaries have been used in various defense publications of the 
ministry. 



Figure 7.Choropleth map using the 1990 to 1993 boundaries (AfS 2009). 

Figure 8.Screenshot of an educational internet portal for children using the 1952 
boundaries for a learning puzzle (RTL Disney 2007) 




Figure 7. 



Figure 8. 



3.2. Quality of Online Sources 

To study the evol uti on of onl i ne sources for easy accessi bl e references sam- 
ples where taken in 2007 and 2013 on the Google I mages Search. The top 
20 map results for the keywords "Bundeslander" (federal states) and 
"Deutschland" (Germany) showing the first- level administrative units were 
analyzed on boundaries issues (Table 1). 
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13 


65 


4 


20 
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45 


6-7 


30 
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2 


10 


4 


20 


1 -1 


5 


0-2 




Table LResults of Google I mage Search 21 


307 and 2013 



I n 6 years, an improvement for both results can be recognized, which leads 
to a reduction in incorrect references searchable via Google. In 2007, the 
fi rst 1952 boundary map appeared at the second place and at the fi rst place 
of the search results for "Bundeslander" and for "Deutschland" respectively. 
In 2013, it was found on the first pi ace when searching for "Bundeslander" 
and there was no occurrence of the 1952 map in the case of "Deutschland". 
As far as Wikipedi a sources are concerned, all were correct. 

3.3. Creating and Adding Up of Errors 

Many impressive examples can be identified in the delicate field of history 
and political cartography. Here, especial care has to betaken concerning 
quality assurance, because every detail of the visualisation can change the 
story being told and the interpretation of the map. 

For example for a new edition a visualisation technician was assigned by the 
editors of a publishing house to create a map of Germany before the adding 
of Austriaand theSudetenland in 1938 showing the National Socialist first- 
level administrative units. As a source he used two older reference maps, 
one showing Germany and surroundings as of 1923 to 1933 and another of 
1933 to 1945. H e merged both maps and named it "Germany 1933 to 1938". 
Unfortunately, in the source for the pre- 1938 boundaries a legend box cov- 
ered the eastern part of Czechosl ovaki a. Si nee he di d not use another source 
and did not have enough thematic knowledge, he simply used the boundary 
of the post- 1938 source (Schulte 2007:80), which causes an inaccurate 
temporal mixed boundary of Czechoslovakia (Figure9). This was not rec- 
ognized or corrected by any of the controlling instances until it was pub- 



lished. Afterwards, the publisher was informed and in the following edition 
this mistake was corrected, but replaced by multiple new misrepresentation 
in related maps. These officially approved educational materials are essen- 
tial references for derived products. 




Figure 9. Combining two maps into new one (bottom) with misrepresentation of 
boundaries (Leisering 1992:112f/Bruckmuller & Hartmann 2001166). 



The following example is taken from a completely new historical atlas with 
a renowned name but mostly low quality content, "Der grosse Ploetz Atlas" 
of 2009. Although the atlas is one of few which at least give some references 
and admit that not all sources could be identified, as it is common in pub- 
lishing cartography where most auxiliary and thematic references 
are obtained from other market participants and internet sources. The visu- 
alisation is good in parts, and base data is detailed and correct. However, 
misrepresentations occurred at a later stage during the thematic post pro- 
cessi ng of the auxi I i ary data of the boundari es. As he was unabl e to geomet- 
rically identify the area of the Memel Territory, which was already there in 
the base data, he added it a second time (Figure 10). As a result, all follow- 
ing maps show an inaccurate boundary geometry. The editors responsible 
for quality assurance did not notice this and many other errors, even obvi- 
ous printing errors by layer orders. When requested for this article, the 
publisher first asked for a fee of € 50 per 1000 units for the map, then was 
not even sure to own the rights at all, si nee all of the editors no longer work 
for the publisher and contracts with the map author cannot be found. 




Figure 10. A second "Memelland" and Lithuania labeled Soviet Union (Ploetz 
2009:196). 



4. Conclusion 



The fact that even the most common geometry is not in detail part of the 
mental map of most official and expert map producers is off topic, but 
shows the handling and quality management of geo data. Especially the 
details of the boundaries of the German federal states in small scales seem 
to be not much relevant as long as the function of the map is not compro- 
mised. I n other regions of the world any misrepresentation, for example on 
Google Maps, could constitute a provocation and cause real conflicts (AFP 
2010, J acobs 2012). Boundaries limit the most important capability of hu- 
mans, the power to influence others, therefore boundaries are often auxilia- 
ry data but also always an underrated primary theme. 

For economic reasons, quality control seem to be irrelevant for many com- 
mercial publishers as the printed maps are becoming increasingly unprofit- 
able. Quality improvements are not even desired, as this article illustrates. 
Unfortunately, it is their products that are used as references for further 
products, thus supporting a downward spiral of geo data quality. The inabil- 
ity to assess the quality of reference or the trust readily placed in other pro- 
ducers potentiates the probability of producing an inaccurate map product. 
Therefore, the pool of inaccurate references is growing and falsely verifying 
other products. Si nee the commercial publishers are unable to find business 
solutions that can compete with the free online data, their only solution is 
to try to produce at minimum costs at the expense of quality. This will con- 
tinue as long as customers trust them, are unable to critically review their 
products and are wi 1 1 i ng to pay for them. As the end of commerci al publ i shi- 
er cartography is foreseeable, it will hopefully be succeeded by data bases of 
higher quality that are gradually being corrected by the collaborative crowd 
intelligence of open communities and then made accessible free of charge. 

In a utilitarian digital world of cartography, a renaissance of the intrinsic 
value of maps and an increasing will to invest in expertized visualisation is 
not to be expected. Most consumers will regard this only as a necessary, 
non-expert and free medium for transmitting spatial information. Only a 
few cartographers will be able to sell special maps as art work and decora- 
tive pieces. In this context, one could expect a decline in the number of en- 
rolling for cartography as well as a reduction of university chairs in Germa- 
ny, a country that has traditionally played a leading role in this science. It 
was neither technological developments nor the devaluation of visualisation 
that "ki Ned" cartography. I nstead, it was the geo-community itself by aban- 
doning the term and switching to modern labels like "geospatial infor- 
mation" with its primary focus on thematic data, which also accepts the fact 
that visualisation is separated from the expert sovereignty. Nevertheless Gl 



science generates useful and valuable knowledge about complex data by 
analysing expertise. 

If you expand your view beyond the visualisation, analysis focused Gl sci- 
ence could soon follow the fate of visualisation and become a devaluated 
area of expertise because of the development of Web Gl S with full or semi 
automatized processing, exploration and analysing methods (Fu & Sun 
2010). 

Since anyone can simply produce maps, it is impossible to rely on the 
prosumer when it comes to assessing data quality and visualisation based 
on expert cartographic rules. An idea could be, however, to reliably qualify 
"approved" data sources by comprehensible metadata, allowing organized 
collaborative corrections by experts in the relevant theme or area (Hoff- 
mann 2011) asWikipedia or Open Street M aps do. I f the prosumer is grant- 
ed the easiest access possible to that data, easier than to any other possible 
sources, he will automatically use this verified data. Moreover, the auto- 
mated visualisation capabilities have to be expanded and designed based on 
cartographic rules. This is not only true for navigational maps, but also for 
other themati c maps. 
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